fw001

Applications of Enzymes
to Lignocellulosics

In Applications of Enzymes to Lignocellulosics; Mansfield, S., et al.;
ACS Symposium Series; American Chemical Society: Washington, DC, 2003.
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The cover art shows the structure of CellulomonasfimiGH10 cellulase/
xylanase. The structure displays the 8-fold α/β barrel. E127 (the proton
donor) and E233 (the nucleophile) are positioned to catalyze the double
displacement reaction with retention of the anomeric configuration in the
product.
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of Endoxylanases" by James F. Preston, Jason C. Hurlbert, John D. Rice,
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Foreword
The ACS Symposium Series was first published in 1974 to pro
vide a mechanism for publishing symposia quickly in book form. The
purpose of the series is to publish timely, comprehensive books devel
oped from ACS sponsored symposia based on current scientific re
search. Occasionally, books are developed from symposia sponsored by
other organizations when the topic is of keen interest to the chemistry
audience.
Before agreeing to publish a book, the proposed table of con
tents is reviewed for appropriate and comprehensive coverage and for
interest to the audience. Some papers may be excluded to better focus
the book; others may be added to provide comprehensiveness. When
appropriate, overview or introductory chapters are added. Drafts of
chapters are peer-reviewed prior to final acceptance or rejection, and
manuscripts are prepared in camera-ready format.
As a rule, only original research papers and original review
papers are included in the volumes. Verbatim reproductions of previ
ously published papers are not accepted.
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Preface
During the past decade, a radical shift in the way society views
forestry has occurred. A new paradigm is emerging with an emphasis on
conservation of natural forestlands and recognition of the inherent value
of trees as carbon sinks, wildlife habitats, scenic vistas, and recreational
areas. However, with the growing human population, the world's forests
are experiencing increasing pressures to meet demands for wood
products, fuel, and agricultural land. A dichotomy is emerging between
the need for more wood fiber and the increasing societal pressure to
preserve our environment. Biotechnology, or more specifically the
manipulation of biocatalysts, has the potential to significantly improve
traditional pulp and paper manufacturing processes and to minimize the
ecological footprint that this industry leaves on our environment.
The forest products biotechnology scientific community has
devoted decades of research to elucidate the fundamental microbiology,
biochemistry, genetic and enzymology of microorganisms as well as
their extracellular enzymes, while concurrently manipulating these
biocatalysts to alter lignocellulosic processing in an environmentally
benign manner. Consequently, new technologies or applications to
complement traditional pulp and paper manufacture (such as xylanaseaided biobleaching, direct bleaching with oxidative enzymes, biopulping
with microorganisms, enzyme-induced modifications to inherent fiber
morphology, improved paper recycling, enzymatic deinking, mill
Whitewater remediation, reduction in energy consumption during
processing, to name but a few) have evolved. Clearly, the number of
applications in the pulp and paper industry has grown incrementally over
the past few years and, while some concepts have yet to move beyond
the laboratory scale, several biotechnology-based approaches have been
successfully implemented at a commercial scale.
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As research in this area has not yet reached its full potential, the
field of forest products biotechnology remains an expanding, exciting,
and promising field of study for both research and commercial
development. Although advances in molecular genetics and engineering
have already facilitated the generation and production of several
industrial enzymes, it is likely that this scientific arena will generate
several new and improved enzyme preparations in the very near future.
Additionally, the enormous gains currently evident in the field of tree
biotechnology have the potential to make some very significant shortand long-term improvements in pulp and paper processing, and opens the
door to several other potential high-value products and processes.
The symposium on which this book is based was sponsored by
the American Chemical Society (ACS) Cellulose and Renewable
Materials (formerly the Cellulose, Paper, and Textiles Division) at the
223rd ACS National Meeting in Orlando, Florida, from April 7-11,
2002.
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Chapter 1

Applications of Biotechnology in the Forest Products
Industry
1
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Biotechnology, or more specifically the employment of
biological agents, such as fungi, bacteria and more exclusively
extracellular enzymes offers a wide range of potential
applications, and consequently benefits for the forest products
industry. B iotechnological manipulations have been shown to
complement and/or enhance conventional wood processing
operations, such as pulp and paper manufacture and paper
recycling, and may provide many economic and environmental
benefits through waste reduction, energy savings and
reductions in toxic chemicals released into the enivronment.
The following review is intended to highlight progress in the
field over the last decade, and has been compiled to i nclude
significant fundamental and industrially relevant findings.
Although extensive, it by no means represent a comprehensive
review of the plethora of work that has been instrumental in
developing this scientific research area.
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